Evaluation of different methods to detect methicillin resistance in Staphylococcus aureus (MRSA)  by Alipour, Farzad et al.
Journal of Infection and Public Health (2014) 7, 186—191
Evaluation  of  different  methods  to  detect
methicillin  resistance  in  Staphylococcus
aureus  (MRSA)
Farzad  Alipoura,∗,  Malahat  Ahmadia,  Shahram  Javadib
a Department  of  Microbiology,  Faculty  of  Veterinary  Medicine,  Urmia  University,  Urmia,  Iran
b Department  of  Small  Animal,  Faculty  of  Veterinary  Medicine,  Urmia  University,  Urmia,  Iran
Received  10  June  2013;  received  in  revised  form  7  December  2013;  accepted  25  January  2014
KEYWORDS
MRSA;
mecA;
Dogs;
Phenotypic  methods
Summary  The  studies  suggest  that  dogs  living  with  human  are  potential  risk  of
becoming  MRSA  carrier  and  increased  risk  of  infections  caused  by  MRSA.  Phenotypic
methods  to  detect  methicillin  resistance  in  Staphylococcus  aureus  (MRSA)  are  inad-
equate.  The  objective  of  the  present  study  was  to  determine  methicillin  resistance
in  S.  aureus  by  phenotypic  susceptibility  test  (oxacillin  disk  diffusion,  cefoxitin  disk
diffusion,  oxacillin  screen  agar)  and  molecular  methods  (PCR  as  a  gold  standard)
and  the  latex  agglutination  test  for  the  detection  of  PBP2a  and  to  evaluate  the
results  of  these  tests  for  its  sensitivity  and  speciﬁcity.  A  total  of  100  swab  samples
were  taken  from  muzzle  site,  in  more  contact  with  human,  of  dogs  and  MRSA  were
isolated.  Oxacillin  (1  g),  cefoxitin  (30  g)  disk  diffusion  and  oxacillin  screen  agar
method  were  used.  The  isolates  were  also  subjected  to  latex  agglutination  test  for
detection  of  PBP2a  and  PCR  to  detect  mecA  gene.
By  PCR  37%  of  isolates  show  the  presence  of  mecA. Latex  agglutination  was  found
to  be  the  most  sensitive  (97.29%)  and  cefoxitin  disk  diffusion  to  be  the  most  speciﬁc
(96.82%)  tests  for  detection  of  MRSA.  Our  ﬁnding  showed  that  combining  oxacillin
screen  agar  or  cefoxitin  disk  diffusion  with  latex  agglutination  improves  sensitivity
and  speciﬁcity  to  detect  methicillin  resistance  S.  aureus  (MRSA)  isolates.
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Pvaluation  of  different  methods  to  detect  methicill
ound  almost  exclusively  in  humans,  MRSA  is
ncreasingly  being  identiﬁed  in  affected  and
ealthy dogs  (i.e.,  unapparent  carriers)  [1,2].
ogs that  are  household  pets  are  in  close  contact
ith their  owners,  and  this  contact  may  result
n the  transmission  of  bacteria,  including  MRSA,
articularly from  the  muzzle  site  of  the  dogs  due
o, for  instance,  licking  and  smelling  [3].
Methicillin  resistance  in  S.  aureus  is  primarily
ediated by  the  over  production  of  the  PBP2a
rotein, an  altered  penicillin-binding  protein  with
ower afﬁnity  for  beta-lactam  antibiotics  than
BP2,  which  is  the  main  physiological  methicillin
arget. PBP2a  is  encoded  by  the  mecA  gene.
olecular techniques  for  the  detection  of  MRSA,
uch as  PCR,  are  not  yet  available  in  all  lab-
ratories and  thus  phenotypic  tests  remain  the
ethods  of  choice.  The  phenotypic  expression  of
esistance  may  vary  despite  genetic  homogene-
ty depending  on  culture  conditions  that  include
emperature and  the  osmolarity  of  the  medium
4].
This  heterogeneous  resistance  phenotype  may
omplicate  the  detection  of  MRSA  with  phenotypic
usceptibility methods.  Oxacillin  disk  diffusion  is
he traditional  method  of  routine  screening  for
ethicillin  resistance,  but  recently  cefoxitin  disks
ave been  reported  to  be  highly  accurate  for
redicting methicillin  resistance  [5,6].  However,
he identity  of  the  optimal  phenotypic  method
or detecting  methicillin  resistance  in  S.  aureus
emains  controversial.  Other  methods,  such  as
xacillin  agar  screening  and  PBP2a  latex  agglutina-
ion, have  also  been  demonstrated  to  have  good
ccuracies  [7—9].
The  aim  of  the  present  study  was  to  compare
he accuracies  of  the  oxacillin  and  cefoxitin  disk
iffusion  tests,  oxacillin  agar  screening  and  latex
gglutination  in  detecting  methicillin  resistance  in
. aureus  using  PCR  for  mecA  as  the  gold  standard.
o the  best  of  our  knowledge,  this  report  presents
he ﬁrst  investigation  of  this  topic  in  dogs  by  any
roup in  Iran.
aterials and methods
ampling
wab  samples  were  taken  from  surface  of  the  skin
f the  muzzles  of  hospitalized  dogs  between  June
010 and  August  2012  in  the  veterinary  hospital  of
rmia University,  West  Azarbaijan,  Iran.  The  sam-
les were  plated  in  BHI  broth  and  maintained  at
◦C  until  processing;  typically  within  6 h,  the  swab
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amples  were  streaked  onto  blood  agar  plates  and
ncubated  at  37 ◦C  for  24  h.
acterial isolates
 total  of  100  isolates  were  identiﬁed  as  S.
ureus by  culture  and  biochemical  tests,  that
ncluded clumping  factor,  free  coagulase  and  man-
itol fermentation  tests.  The  biochemical  tests
ere performed  according  to  standard  procedures
nd are  performed  routinely  in  our  laboratory.  All
solates were  then  subjected  to  phenotypic  and
enotypic  susceptibility  tests.
xacillin disk diffusion (ODD)
isk  diffusion  tests  were  performed  following  the
ethod recommended  by  Clinical  and  Laboratory
tandards Institute  (CLSI).  A  sterile  swab  was
ipped into  an  S.  aureus  suspension  (McFarland
tandard 0.5)  and  plated  onto  Muller-Hinton  agar
MHA).  Oxacillin  disks  (1  g)  were  applied  using
terile forceps.  The  agar  plates  were  incubated  at
5 ◦C  for  24  h.  An  inhibition  zone  <10  mm  in  diame-
er indicated  oxacillin  resistance  [10].
efoxitin disk diffusion (CDD)
ll  isolates  were  subjected  to  cefoxitin  disk  dif-
usion tests  using  30  g  disks.  A  0.5  McFarland
tandard suspension  of  the  isolate  was  made  and
awn cultures  were  created  on  MHA  plates.  The
lates were  incubated  at  37 ◦C  for  18  h  to  allow  the
acteria  to  grow,  and  zone  diameters  were  mea-
ured. Inhibition  zone  diameters  ≤21  mm  indicated
xacillin  resistance,  and  diameters  ≥22  mm  were
onsidered  to  indicate  sensitivity  [10].
xacillin screen agar (OSA)
HA  plates  containing  4%  NaCl  and  6 g/ml  oxacillin
ere prepared.  The  plates  were  inoculated  with
0 l  of  0.5  McFarland  suspension  of  the  isolate  by
treaking in  one  quadrant  and  then  incubated  at
5 ◦C  for  24  h.  The  plates  were  carefully  inspected
n transmitted  light  for  any  growth.  Any  growth
fter 24  h  was  considered  to  indicate  oxacillin  resis-
ance [11,12].
BP2′ latex agglutination (LA)he  mecA  product  (PBP2a)  was  detected  using  the
astalexTM MRSA  kit  (Mast  Group  Ltd.,  UK).  PBP2a
atex agglutination  tests  were  performed  accord-
ng to  the  manufacturer’s  instructions.  The  mixture
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Table  1  Primers  for  ampliﬁcation  of  mecA  gene.
Primers  Sequence  Position  Product  size  (bp)
Forward  5′-TGGCTATCGTGTCACAATCG-3′ 885—905
309Reverse  5′-CTGGAACTTGTTGAGCAGAG-3′ 1174—1194
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iobtained  was  tested  simultaneously  with  a  negative
control  latex  suspension.
DNA extraction
The  isolates  were  grown  in  Mueller-Hinton  broth  for
24 h  and  centrifuged  at  4000  rpm  for  20  min.  The
supernatant was  discarded,  and  1 ml  TE  (10  mM  Tris,
1 mM  EDTA)  buffer  was  added.  After  centrifugation,
the cells  were  suspended  in  50  l  of  lysostaphin
(100 g/ml)  (Sigma  Comp,  Germany)  for  10  min  at
37 ◦C.  The  tube  contents  were  treated  with  pro-
teinase K  (100  g/ml)  (Fermentas,  Germany)  at
37 ◦C  for  10  min,  and  the  suspension  was  subse-
quently left  in  a  boiling  water  bath  for  15  min.  Next,
the suspensions  were  centrifuged  at  14,000  rpm  for
20 min.  The  supernatant  was  collected  and  used  for
PCR.
PCR
PCR  was  used  to  examine  the  S.  aureus  for  the  pres-
ence of  the  gene  for  methicillin  resistance.  The
primers used  for  mecA  ampliﬁcation  are  shown  in
Table  1  [13].  The  assay  was  performed  in  a ﬁnal
volume of  25  l  reaction  mixture  that  consisted  of
5 l  template  DNA,  12.5  l 2×  PCR  Mastermix  (Sina-
gen, Iran),  1  l primer  F  (100  pmol),  1  l  primer
R (100  pmol)  and  5.5  l  ddH2O.  Ampliﬁcation  was
performed as  follows:  a  DNA  denaturation  step  of
5 min  at  94 ◦C;  40  cycles  of  a  45  s  denaturation  step
at 95 ◦C,  a  45  s  annealing  step  at  59 ◦C,  and  a 45  s
◦extension  step  at  72 C;  and  a  ﬁnal  5  min  extension
step at  72 ◦C.  S.  aureus  ATCC33591  (MRSA)  and  S.
aureus ATCC29213  (MSSA)  were  used  as  positive  and
negative controls,  respectively,  for  all  test  runs.
p
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Table  2  Evaluation  of  susceptibility  testing  results  for  th
isolates.
mecA  result  PCR  No.  of  isolates  tested  ODD  
Pos.  neg
Positive 37  32  5  
Negative  63  7  56  
Sensitivity  86.48%  
Speciﬁcity  88.88%  esults
 total  of  100  consecutive  S.  aureus  isolates  from
linically  important  sites  of  infection  were  sub-
ected  to  ODD,  CDD,  OSA  and  LA.
PCR for  mecA  allowed  us  to  categorize  37
f the  100  isolates  as  mecA-positive  and  63  as
ecA-negative.  All  of  the  positive  isolates  pro-
uced the  predicted  309  bp  product  on  PCR.  The
esults  obtained  from  four  methods  are  shown  in
able  2.
The LA  test  was  more  sensitive  than  the  other
ests, and  the  CDD  test  was  more  speciﬁc  than  other
ests. The  sensitivities  of  the  CDD  and  OSA  tests
ere equal.
The discrepant  results  for  S.  aureus  are  shown
n Table  3.  One  mecA-positive  isolate  was  suscep-
ible  to  all  of  the  phenotypic  methods.  Another
ecA-positive  isolate  did  not  grow  on  the  ODD,
DD or  OSA,  although  it was  resistant  to  the  LA.
hree other  mecA-positive  isolates  that  were  not
etected  by  the  ODD  tests  were  detected  by  the
DD, OSA  and  LA  tests.  Two  isolates  were  found
o be  susceptible  in  the  LA  test,  but  these  isolates
ere different  from  those  found  to  be  resistant  in
he phenotypic  tests.
iscussion
s  has  been  described  in  several  previous  stud-
es, it  is  possible  that  some  people  with  infected
ets were  colonized  before  the  pet  developed
he infection  [14]; thus,  pet  animals  might  serve
s a putative  reservoir  for  infection  and  reinfec-
ion in  humans  [15,16].  It  can  be  argued  that
e  detection  of  methicillin  resistance  in  100  S.  aureus
CDD  OSA  LA
.  Pos.  neg.  Pos.  neg.  Pos.  neg.
35  2  35  2  36  1
2  61  5  58  3  60
94.59%  94.59%  97.29%
96.82%  92.06%  95.23%
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Table  3  Discrepant  results  for  S.  aureus  isolates.
Strains  No  of  isolates  ODD  CDD  OSA  LA
mecA-positive 1 S  S  S  S
1  S  S  S  R
3  S  R  R  R
mecA-negative 2  R  R  R  S
2  R  S  R  S
1  S  S  R  S
3  R  S  S  S
3  S  S  S  R
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ahe  identiﬁcation  of  an  MRSA  infection  in  a  pet
s likely  associated  with  a  prior  colonization  of
he owner  and  is  essentially  a  proxy  for  previous
uman colonization  in  the  household  [17].  There-
ore,  rapid  and  accurate  detection  of  MRSA  permits
imely  implementation  of  preventive  infection  con-
rol strategies  and  the  initiation  of  appropriate
ntimicrobial  therapies  in  both  the  pets  and  the
wners [18].
The  disk  diffusion  method  can  be  easily  per-
ormed in  microbiological  laboratories  to  detect
RSA.  As  previously  reported,  the  ODD  method  is
he least  reliable  test  for  the  detection  of  MRSA
19].  The  reported  sensitivities  and  speciﬁcities
f the  ODD  test  for  S.  aureus  are  90.4—98%  and
3—99%, respectively  [20].  The  sensitivities  and
peciﬁcities  of  the  CDD  test  for  S.  aureus  have  been
eported  to  be  95—100%  and  98—100%,  respectively
5,21,22].  The  use  of  the  CDD  test  for  the  detec-
ion of  MRSA  is  more  sensitive  and  speciﬁc  than
he ODD  test  [23].  In  summary,  previous  studies
ave reported  higher  sensitivity  and  speciﬁcity  val-
es for  the  CDD  test  than  for  the  ODD  test  in  the
etection of  heterogeneous  MRSA  populations.  The
nhanced accuracy  of  the  cefoxitin  disk  diffusion
est is  attributable  to  the  fact  that  cefoxitin  is  a
tronger inducer  of  the  mecA  gene  than  oxacillin,
nd the  present  study  conﬁrmed  the  superiority  of
he CDD  test  [6,19].
The OSA  test  has  been  thoroughly  evaluated  in
tudies  that  have  used  the  presence  of  the  mecA
ene as  the  gold  standard  [9,24].  These  studies
ave reported  that  the  sensitivities  and  speci-
cities of  the  OSA  are  94.3  to  100%  and  83  to
00%, respectively  [5,7].  Our  results  revealed  that
he sensitivities  of  the  OSA  and  CDD  tests  were
qual (94.59%);  however,  the  CDD  was  more  speciﬁc
96.82%).
Previous  studies  have  suggested  the  incorpora-
ion of  the  latex  agglutination  test  into  routine
esting [25].  However,  the  detection  of  PBP2a  with
t
M
S
he  latex  agglutination  test  is  not  very  accurate.  We
ound 1  false  negative,  and  false  negative  have  also
een reported  in  previous  investigations  [24,26].
owever, our  study  showed  that  the  LA  test  was
uperior to  the  other  tests  mentioned.  The  latex
gglutination kit  for  the  detection  of  PB2a  is an
lternative  that  could  be  used  in  most  laboratories.
he use  of  this  test  would  be  practical  for  urgent
onﬁrmations of  resistance.
None  of  the  commonly  used  methods  for  the  phe-
otypic  detection  of  MRSA  seem  to  be  capable  of
etecting  all  strains  when  used  alone.  The  com-
ination  of  the  OSA  or  CDD  methods  with  the  LA
ethod  increased  the  sensitivity  to  97.29%  and  the
peciﬁcity  to  100%.
Phenotypic  MRSA  detection  assays  are  simple
nd relatively  inexpensive  methods  for  detecting
ethicillin resistance,  but  the  accurate  determi-
ation of  methicillin  resistance  in  S.  aureus  via
henotypic  tests  is  inﬂuenced  by  variations  in  the
noculums’  size,  incubation  times,  media  PHs  and
edia salt  concentrations.
The  critical  parameters  for  the  success  of  a
CR-based test  are  reliability,  accuracy,  sensitiv-
ty, cost  and  turnaround  time,  and  optimization  of
hese parameters  allows  for  rapid  implementation
f infection-control  practices.
However,  as  shown  in  the  present  and  other
tudies, none  of  the  available  phenotypic  methods
re completely  reliable  in  the  detection  of  MRSA.
ndeed,  genotypic  methods  are  also  not  100%  accu-
ate because  mecA-positive  results  can  be  obtained
n situations  in  which  the  gene  is  defective  for  the
xpression  of  methicillin  resistance.
Although expression  of  the  mecA  gene  is  con-
idered important  for  methicillin  resistance  in  S.
ureus, other  mechanisms  alone  or  in  combina-
ion have  been  detected  in  Staphylococcus  strains.
ethicillin  resistance  in  mecA-negative  strains  of
. aureus  can  arise  due  to  the  hyperproduction  of
-lactamase,  the  production  of  normal  PBP  with
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[
[190  
altered  binding  capacities  and/or  other  factors  that
have not  been  identiﬁed  to  date.
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